Cisplatin is an effective antineoplastic drug. However, it provokes considerable collateral effects, including genotoxic and clastogenic activity. It has been reported that a diet rich in glutamine can help inhibit such collateral effects. We evaluated this activity in 40 Swiss Glutamine chemoprevention in vivo mice, distributed into eight experimental groups: G1 -Control group (PBS 0.1 mL/10g body weight); G2 -cisplatin group (cisplatin 6 mg/kg intraperitoneally); G3, G4, G5 -glutamine groups (glutamine at 150, 300, and 600 mg/kg, respectively; orally); G6, G7, G8 -Pre-treatment groups (glutamine at 150, 300, and 600 mg/kg, respectively; orally and cisplatin 6 mg/kg intraperitonially). For the micronucleus assay, samples of blood were collected (before the first use of the drugs at T0, then 24 (T1) and 48 (T2) hours after the first administration). For the comet assay, blood samples were collected only at T2. The damage reduction percentages for the micronucleus assay were 90.0, 47.3, and 37.3% at T1 and 46.0, 38.6, and 34.7% at T2, for G6, G7, and G8 groups, respectively. For the comet assay, the damage reduction percentages were 113.0, 117.4, and 115.0% for G6, G7, and G8, respectively. We conclude that glutamine is able to prevent genotoxic and clastogenic damages caused by cisplatin.
INTRODUCTION
The wide variations in cancer rates all over the world and changes that have occurred over time indicate that these malignancies could potentially be avoided if we know how to identify and promote changes in causal factors. For a few types of cancer, the causes are well known, but for most others, the etiologic factors are much less established. However, there are strong reasons to suspect that dietary and nutritional factors may be responsible for many of these variations observed in the rates of cancer (Willett, 2003) .
There is a great deal of experimental and/or epidemiological evidence that natural constituents of foods such as carotenoids, flavonoids, isoflavones, curcumin, folic acid, monoterpenes and retinoids may also be related to a reduction in cancer risk (Flagg et al., 1995; Weisburger, 1999; Zhang et al., 1999; Weisburger, 2000; Ferrari, 2001; Ferrari and Torres, 2002; Birt et al., 2003 , Willett, 2003 .
These substances act in various ways in the body and can interfere with several signaling pathways, such as hormone receptors, cell cycle proteins, transcription factors, protein kinases, secondary messengers such as cAMP, enzymes such as ornithine decarboxylase, and cyclooxygenase, as well as tumor suppressor genes (Birt et al., 2003 , Willett, 2003 .
There have been a large number of compounds identified until now with an eventual chemopreventive activity against cancer. Among these, several are natural constituents called functional foods (Birt et al., 2003) .
Presently, despite the chemotherapeutic treatments indicating improvements in the quality of life of the person attacked by cancer, they provoke innumerable adverse effect that can also compromise moreover the homeostasis in a patient.
Cisplatin is one of the more utilized chemotherapeutic agents in cancer treatment. This compound was synthesized for the first time in 1985; it is a complex of heavy metals, with two chlorine atoms and two ammonia molecules in the cis-position. This antineoplasic agent is effective in experimental chemotherapy when it is administered via the intraperitoneal route. Cisplatin can react with many cellular structures and molecules, such as membranes, R.J. Oliveira et al. proteins and RNA, but the main target is DNA (Antunes and Bianchi, 2004) .
Chemotherapeutic regimens that include cisplatin are widely utilized in the treatment of solid tumors, especially germ-cell tumors. The main collateral effects related to these schemes are nausea and vomiting, nephrotoxicity, hypomagnesemia, peripheral neuropathy, ototoxicity, and myelosuppression. There are reports of vascular toxicity clinically revealed by coronary insufficiency (from angina up to myocardial infarction), Reynaud's phenomenon and cerebral vascular accident, demonstrating that vascular toxicity, although hardly described, can be an important collateral effect of this treatment (Rosenberg, 1985) .
The antitumor action of cisplatin is attributed to its effect on DNA synthesis. However, the use of cisplatin is limited due to its toxicity to normal tissue. Cisplatin is highly clastogenic, causing sister chromatid exchange and chromosome aberrations in cultured mammalian cells, rat bone marrow cells, and peripheral blood lymphocyte of patients (Bianchi and Antunes, 1999) .
In the last decades, experimental evidence has indicated that the reactive metabolites of oxygen such as superoxide (O 2 -), hydroxyl radical (OH -), and hydrogen peroxide (H 2 O 2 ), are important damage mediators in diverse tissues and organs, including the kidney (Antunes and Bianchi, 2004) .
It is thus believed that the generation of free radicals is an important mechanism in the development of cisplatin toxicity. The reactions mediated by free radicals are responsible for a series of induced chemotherapy effects, and antioxidant substances may be able to protect organs and the non-malignant cells against cytotoxic agents. Much attention has been given to the eventual hypothesis that antioxidant substances are active in protection against the toxicity caused by cisplatin in mammalian systems (Bianchi and Antunes, 1999) .
Some researchers have observed that the activities of the antioxidant enzymes catalase, glutathione peroxidase and glutathione S-transferase were significantly decreased in mouse kidney and liver six days after the administration of a single dose of cisplatin. The authors considered that the increase in lipid peroxidation observed in the kidney of treated animals could have been due to the reduction in enzyme activities that protect renal tissue against the free radical attack (Antunes and Bianchi, 2004) . Since glutamine is related to glutathione synthesis, glutamine supplementation can reduce the clastogenic damage caused by free radicals formed by cisplatin. Glutamine is a precursor in nucleic acid biosynthesis and is present in all cells of the body; it is found in meat, eggs, dairy products, and soy (Albertini and Ruiz, 2001) .
The antioxidant activity of the amino acid glutamine has been investigated in protecting against peroxidase-mediated damage in mouse kidneys and the nephrotoxicity induced by treatment with a single dose of cisplatin at 5.0 mg/kg body weight (b.w.). The results obtained suggested that the glutamine partially protects against the lipid peroxidase damage induced by cisplatin (Mora et al., 2003) .
Glutamine supplements improve protein metabolism in tumor-bearing mice receiving chemotherapy and reduce the toxicity of the chemotherapy through an improvement in glutathione production in the mice. Moreover, the oral supplementation of glutamine protects lymphocytes and attenuates intestine permeability in patients with esophagus cancer during radiochemotherapy (Yoshida et al., 1998) .
Glutamine modulation of nephrotoxicity and lipid peroxidases induced by cisplatin in mice was evaluated and pre-treatment with a single oral dose of glutamine (300 mg/kg b.w.) significantly inhibited the induced lipid peroxidases seven days after cisplatin administration, besides maintaining the levels of renal glutathione (Antunes and Bianchi, 2004) .
Some studies have suggested that dietary supplementation with antioxidant can influence the efficacy of the chemotherapy, such as the development of adverse effects resulting from treatment with antineoplastic agents. In a study conducted at Faculdade de Ciências Farmacêuticas de Ribeirão Preto, cisplatin was given to Wistar mice alone or after treatment with glutamine. The mice were treated with glutamine (300 mg/kg b.w.) administered orally (p.o.) 24 h before cisplatin administration (5.0 mg/kg b.w.) intraperitoneally (i.p.) and sacrificed 24 hours after the treatment with cisplatin. Glutamine significantly reduced the clastogenic effect of cisplatin, with approximately 48% damage reduction (DR%) in bone marrow cells. Thus, it is believed that the antioxidant action of glutamine probably modulates the clastogenic action of cisplatin (Mora et al., 2002) .
According to Rouse et al. (1995) , chemoterapy is limited by its toxicity to normal tissue and that glutamine protects hepatic cells from oxidative injury by increasing their glutathione levels. Oral supplementation with glutamine increases the therapeutic index of methotrexate through changes in glutathione metabolism. Thus, it is beleived that supplementation with glutamine would increase the selectivity of antitumor drugs by protecting normal tissue and possibly by sensitizing the tumor cells by the damage related to the chemotherapy.
Recently, the possible amino acid effect on nephrotoxicity and toxicity of cisplatin were investigated by Kröning et al. (2000) . The authors observed that the treatment of renal epithelial cells with the amino acids methionine, DL-homocysteine and N-acetylcysteine was inhibited by the cytotoxicity of cisplatin. Glutamine modulation of the nephrotoxicity and lipid peroxidases induced by cisplatin in mice was evaluated as well and demonstrated to be efficient (Mora et al., 2003) .
In view of the previous reports, it is believed that glutamine can be effective in decreasing the adverse effects caused by the administration of cisplatin. Thus, the aim of the present study was to evaluate the influence of enteral diet, in daily pre-treatment with glutamine in the prevention of DNA damage, which can increase the predisposition to the development of cancer, caused by cisplatin.
MATERIAL AND METHODS

Chemical agents
Induction of DNA damage was carried out with cisplatin (Sigma), at a final dose of 6.0 mg/kg and prepared in sterile phosphate-buffered saline (PBS), Mg 
Experimental design
Forty male Swiss mice (Mus musculus) with an average weight of 30 g, were obtained from the Biotério Central da Universidade Estadual de Maringá -UEM -Maringá, PR, Brazil. The experiment was conducted in the Centro de Estudos em Nutrição e Genética Toxicológica and Biotério de Nutrição Experimental do Departamento de Nutrição do Centro Universitário Filadélfia -UNIFIL -Londrina, PR, Brazil. The animals were kept separately in metabolic cages. They underwent a minimum adaptation period of seven days. Light and temperature were controlled, that is, a photoperiod of 12 h light:12 h dark with a temperature around 22°C.
The animals received commercial food and filtered water ad libitum. For the experimental groups, the animals were divided into 8 groups (N = 5) as follows: control group (G1): animals received two doses of PBS (0.1 mL/10 g b.w.), one i.p. and another p.o., simultaneously; cisplatin group (G2): animals received, simultaneously, a dose of PBS (0.1 mL/10 g b.w., p.o.) and a dose of cisplatin (6.0 mg/kg b.w., i.p.); glutamine groups (G3, G4, and G5): animals received, simultaneously, a dose of glutamine (150, 300, and 600 mg/kg b.w., respectively, p.o.) and a dose of PBS (0.1 mL/10 g b.w.); pre-treatment groups (G6, G7, and G8): animals received a dose of glutamine (150, 300, and 600 mg/kg b.w., respectively, p.o.) 24 h before receiving the cisplatin dose (6.0 mg/kg b.w., i.p.).
The experimental groups were submitted to peripheral blood collection, for evaluation mutagenicity and antimutagenicity (micronucleous assay), by tail vein puncture at 3 different times (T0, T1, and T2). T0 corresponded to the collection that preceded any administration of drug and/or vehicle. T1 and T2 referred, respectively, to the collections at 24 and 48 h after the first administration of glutamine or vehicle. At T2, samples of peripheral blood for evaluation of genotoxicity and antigenotoxicity were also collected for the comet assay.
Micronucleus assay
Mutagenicity and antimutagenicity were determined by the micronucleus technique in peripheral blood as described by Hayashi et al. (1990) . Accordingly, a drop of blood was deposited on a glass slide previously prepared with an acridine orange layer (1.0 mg/mL). The slide was coverslipped and placed in the freezer (-20°C) for a minimum of 48 h. The glass slides were analyzed with a fluorescence microscope, with a combined blue light (488 nm) and orange filter, and objective lens of 100X. A total of 2000 cells/animal were analyzed and the statistic evaluation of the data was done using the chi-square test (P < 0.05).
Comet assay
For sample preparation, 20 mL peripheral blood collected by tail vein puncture were mixed with 120 mL 1.5% LPM agarose (37°C), and placed on a glass slide pre-coated with 5% normal agarose. The slides were coverslipped and cooled at 4ºC for 20 min. After coverslip removal, the slides were immersed in a recently prepared lysis solution composed of 89 mL lysis solution (2.5 M NaCl, 100 mM EDTA, 10.0 mM Tris, pH 10, corrected with solid NaOH, 890 mL distilled water and 1% sodium laurylsarcosinate), 1.0 mL Triton X-100 (Merck) and 10 mL DMSO. Cells were lysed for 1 h at 4°C, protected from light. Afterwards, the slides were placed in an electrophoresis chamber containing pH >13.0 buffer (300 mM NaOH and 1 mM EDTA) at 4°C for 20 min for DNA denaturation. Electrophoresis was done at 25 V and 300 mA (1.25 V/cm). Next, the slides were neutralized with pH 7.5 buffer (0.4 M Tris-HCl) for 3 cycles of 5 min, air-dried, fixed in absolute ethanol for 10 min and stored for future analyses. For staining, the slides were covered with 100 µL ethidium bromide (20 µg/mL) and coverslipped. The slides were examined under a fluorescence microscope (Nikon) at 400X magnification, with excitation filter 420-490 nm and barrier filter 520 nm. We analyzed visually 100 cells per treatment, classifying the comets as: class 0, undamaged cells with no tail; class 1, cells with a tail smaller than the nucleoid diameter; class 2, cells with a tail size between 1 and 2 times the nucleoid diameter; and class 3, cells with a tail bigger than 2 times the nucleoid diameter. Apoptotic cells, which show completely fragmented nucleoids, were not counted. The total score was calculated by the sum of the values resulting from the multiplication of all cells observed in each damage class which belonged to the class value. Statistical analysis was performed using the Student t-test (P < 0.05).
Calculation of damage reduction
DR% of the mutagenic agent by glutamine was calculated by taking the average number of cells with damage observed with damage-inducing agent (cisplatin) minus the number of damaged cells observed with the antimutagenicity treatment (glutamine + cisplatin) times 100, divided by the number of damaged cells observed with damage-inducing agent minus the number of damaged cells in the control group (PBS) (Manoharan and Benerjee 1985; Waters et al., 1990) . Table 1 presents the data for the micronucleus assay. Statistical analysis showed that at T0, in the groups G5, G6, G7 and G8 revealed a lower frequency of micronuclei when compared to their respective control groups (G1 and G2). Table 1 . Frequency, means ± SD and DR% for the micronucleous assay in the pre-treatment protocol. MN = micronucleus; SD = standard deviation; DR% = damage reduction percentage; G1 = control; G2 = cisplatin (6.0 mg/kg); G3 = glutamine (150 mg/kg b.w.); G4 = glutamine (300 mg/kg b.w.); G5 = glutamine (600 mg/kg b.w.); G6 = cisplatin (6.0 mg/kg) + Glutamine (150 mg/kg b.w.); G7 = cisplatin (6.0 mg/kg) + Glutamine (300 mg/ kg b.w.); G8 = cisplatin + Glutamine (600 mg/kg b.w.); a compared statistically to the G1; b Compared statistically to the G2; *Statistically significant difference (Chi-squared test; P < 0.05).
RESULTS
At T1, clastogenicity evaluation indicated that none of the doses had clastogenic activity. But, at T2, the intermediate dose produced a statistically significant increase in micronuclei frequency. Statistical analysis showed that at T1 and T2, there was a chemopreventive effect for all doses evaluated, but there was no dose-dependent response. DR% was 90.0, 47.3, and 37.3% at T1 and 46.0, 38.4, and 34.7% for the doses of 150, 300, and 600 mg/kg b.w., respectively. Table 2 presents the frequency of injured cells, distribution of the damage classes, score, and DR% related to the comet assay in peripheral blood in the pre-treatment protocol. Statistical analysis demonstrated that glutamine had no genotoxic effect. But, the statistically significant differences observed demonstrated that supplementation with glutamine was able to reduce the frequency of basal damage observed in the control group. In evaluating antigenotoxicity, glutamine was found to be effective in reducing damage caused by chemotherapy treatment. DR% was 113.0, 117.4, and 115.0% for doses of 150, 300, and 600 mg/kg b.w. respectively. Table 2 . Frequency of damaged cells (DNA migration in the comet assay), distribution between the classes of damage, score and DR% of DNA relating to tests of genotoxicity and antigenotoxicity in mice peripheral blood.
1 Total number of damaged cells for each treatment; 2 Mean number of damaged cells by treatment; SD = standard deviation; DR% = damage reduction percentages; G1 = control; G2 = cisplatin (6 mg/kg); G3 = glutamine (150 mg/kg b.w.); G4 = glutamine (300 mg/kg b.w.); G5 = glutamine (600 mg/kg b.w.); G6 = cisplatin (6.0 mg/kg) + Glutamine (150 mg/kg b.w.); G7 = cisplatin (6.0 mg/kg) + Glutamine (300 mg/kg b.w.); G8 = cisplatin + Glutamine (600 mg/kg b.w.); a Compared statistically to the G1;
b Compared statistically to the G2; *Statistically significant difference (Student t-test; P < 0.05).
DISCUSSION
Glutamine is present in many proteins and it is the most abundant amino acid in plasma and tissues. In human beings, glutamine represents about 20% of the free amino acids in plasma, with concentrations ranging from 0.5 to 0.9 mM. This compound is not considered an essential amino acid because the body can synthesize it.
This amino acid has stirred increasing interest because of its many metabolic roles, including the synthesis of nucleic acids and visceral protein, and glycogenesis, as wells as its functions as a glutathione antioxidant precursor, substrate for the renal ammonia production and oxidative fuel for rapidly replicating cells, such as, colonocytes, enterocytes, lymphocytes, and macrophages, whose effects seem to improve the clinical outcome of patients with cancer Zeigler et al., 1990; Campos et al., 1996; Zeigler, 1996; Curi et al., 1999; Albertini and Ruiz, 2001) .
During metabolic stress situations, an increase in L-glutamine utilization occurs, and so an increase in its demand, which, in the absence of exogenous supply, will be supplied by reduced protein synthesis and proteolysis, that is, either from the process of transamination or from alpha-ketoglutarate, generated in the Krebs cycle. Proteolysis increases the pool of amino acids in the intracellular environment, including glutamate by the action of glutamine synthase, it is converted to L-glutamine. Thus, two factors are noticed to cause the depletion of L-glutamine in patients with cancer: the disease progression and the catabolic effects of antineoplasic therapies (Curi et al., 1999) .
Thus, in the near future, glutamine can be an important nutritional supplement to help in the maintenance of cancer patients' weight and/or can be used as a dietary antioxidant able to prevent clastogenic and/or genotoxic damage that could relate to the development of this disease. Another fact to be considered is the chemopreventive and antioxidant activity of this compound, since with these features it may help to reduce the side effects of chemoterapy such as DNA damage caused by free radicals generated in cells during chemotherapy.
With regard to these hypotheses, the current study assessed the pre-treatment with glutamine in the prevention of clastogenic and genotoxic damage. Before evaluating the anticlastogenicity and antigenotoxicity, the clastogenicity and genotoxicity of this substance were first studied.
In the first case, glutamine was found to be clastogenic only with the intermediate dose (300 mg/kg b.w.), and in the evaluation of genotoxicity, none of the doses induced DNA damage. Meanwhile, all doses were effective in preventing basal damage since the frequency of comets was smaller than in the control group. In this study, chemoprotective effects of glutamine were observed at T1. In the micronucleus test, which was performed 48 h after the administration of glutamine or 24 h after the administration of cisplatin, DR% was 90.0, 47.3, and 37.3% for doses of 150, 300 and 600 mg/kg b.w., respectively. At T2, DR% was 46.0, 38.6, and 34.7% for these same doses. Thus, it appears that the lowest dose was the dose that always showed a better activity in protecting DNA. Another interesting fact worth mentioning is that a dose-response curve is generally expected, meaning that an increase in glutamine supplementation should result in decreased DNA damage. However, the opposite was observed. For both times evaluated, reduction in damage decreased as the dose was increased. Another relevant comparison was between the times T1 and T2, where we saw a drop in DR% for all doses. However, this can be explained by the 24-h difference between the blood samples, since in this period glutamine could be used in the animal for different functions, and thus, there would be reduced amounts of this amino acid, resulting in decreased chemopreventive capacity.
This chemopreventive activity corroborates the data from Oliveira et al. (2009) . These authors also reported antimutagenic activity of glutamine against cisplatin; however, these studies differ in the treatment protocol. In the present study, pre-treatment was evaluated, while Oliveira et al. (2009) evaluated simple simultaneous treatment. Comparing both studies, the results showed that DR% was higher in the simultaneous treatment protocol. T1 showed that the increase in DR% was 1.06, 1.94, and 2.59 times comparing simultaneous treatment protocol and pre-treatment for doses of 150, 300, and 600 mg/kg, respectively. As for the increasing chemopreventive activity at T2, ratios were 1.67, 1.59, and 1.64 for the same doses.
For the evaluation of antigenotoxicity, it was observed that all doses were effective. However, there was again no dose-response relation. This test showed that the most effective dose was the intermediate dose. The same conclusion was drawn by Oliveira et al. (2009) . According to these authors, the antigenotoxic activity in simultaneous treatment was 115.0 to 117.0%. However, in the present study, DR% in pre-treatment ranged from 113.0 to 117.4%. These data suggest that the treatment protocol did not have an influence on the DR% of the antigenotoxic assay (comet), unlike in the antimutagenicity assay (micronucleus).
In another study, Tavares et al. (1998) showed the antimutagenic activity of glutamine against damage caused by doxorubicin by in vivo and in vitro assays. The authors did not observe significant differences in the frequency of chromosomal aberrations or number of cells with chromosomal aberrations, when compared to untreated animals. This lack of mutagenic activity was also observed in assays with the CHO cell line. In the same study, damage reduction calculated showed prevention of 57.7% in an in vivo assay and 84.2% in an in vitro assay. We can assume that these data corroborate our findings, since the damage reduction ranged from 37.3 to 90.0% at T1 and 34.7 to 46.0 at T2. Despite that the values are not the same, chemopreventive activity for all assays was observed.
According to Flora and Zilberstein (2000) , glutamine is an amino acid that takes part in nitric oxide biosynthesis. Thus, the supplementation of high doses of this amino acid could produce an increase in this oxide in the intracellular environment and this could lead to an increased number of micronuclei. Thus, this fact would really help the understanding of the decrease in damage with increased dose of glutamine, observed in the micronucleus test. However, the same analogy could not be made in the comet assay, since in this test the DR% values were very close.
The functions of nitric oxide are often antagonistic, since this molecule has beneficial or potentially toxic effects (Flora and Zilberstein, 2000) . Nitric oxide is an important intracellular messenger in mammals. The mechanism of intercellular signaling is generally done by transmembrane receptors that unleash cascades of intracellular signals that will create a change in the cell. But, due to high diffusibility of nitric oxide, its signals are directly executed at the intracellular level. This compound is also part of the body's first defense with microbicide power (Drapier et al., 1988; Gazzinelli et al., 1992; Feng and Walker, 1993; Oswald et al., 1994; Flora and Zilberstein, 2000) . There is a tenuous limit of tissue nitric oxide concentration between non-toxicity to the host cells and toxicity necessary for antimicrobicide action. In the case of autoimmune diseases and situations of exaggerated overload, nitric oxide in the body is in toxic concentrations to the normal cells. According to studies, nitric oxide has toxic effects in different tissues. However, it is necessary to report that the toxic effects include: (I) septic shock, (II) inflammation, (III) reperfusion syndrome after ischemia, (VI) microvascular fluid leak, (V) arteriosclerosis, (VI) autoimmune alveolitis, (VII) glomerulonephritis, (VIII) neurotoxicity, (IX) increased irritability, (X) migraine, (XI) hyperalgesia, and (XII) destruction of beta cells. But, it is necessary to highlight the nitric oxide effects on the intestine where there is mainly occurrence of digestive hemorrhage and mutagenic damage (Flora and Zilberstein, 2000) .
According to the protocol used and relevant literature, it is supposed that the glutamine has the capacity to modulate the mechanism of cell repair, since the administration of glutamine prior to cisplatin could lead to DNA protection by forming a kind of protective cover or increase the fidelity of the repair mechanism. Thus, this would describe a bioantimutagenic mechanism for this amino acid.
According to studies, glutamine shows antioxidant activity (Albertini and Ruiz, 2001; Antunes and Bianchi, 2004) and can act in different ways such as blockers preventing the activity of carcinogens or tumor promoters from reaching the target tissue by several mechanisms or a combination of them. The interference mechanisms of antioxidants can involve the capture and/or sequestering of reactive carcinogens or induce the activity of enzymes systems that detoxify the carcinogens, even blocking cellular events necessary for the promotion of the tumor (Wattenberg, 1992) . However, according to Mora et al. (2002) , glutamine can also promote improvements in repair mechanisms. Thus, it has been shown that glutamine when administered prior to chemotherapy can be effectively used to produce energy for the maintenance of cell repair mechanisms and still provide nitrogen for the production of nucleotides (Déchelotte et al., 1991; Mora et al., 2002) .
According to Newsholme et al. (1985) , the nitrogen of the amine group can increase the bioavailability of nucleotides which would facilitate the process and the effectiveness of DNA repair. Considering these chemoprotective activities, it is necessary to know the two types of substances capable of preventing damage to DNA, that is, the dismutagenic and bioantimutagenic substances.
Bioantimutagenics substances act by modulating DNA repair and replication. They act at the cellular level by increasing replication fidelity, stimulating repair free of error or inhibiting repair systems subject to error (Hartman and Shankel, 1990; De Flora, 1998; Simic et al., 1998) .
Dismutagenic substances are able to inactivate a mutagenic agent and are characterized by the action of the compound directly on the mutagenic agent or its precursors, inactivating them chemically or enzymatically (Kada and Shimoi, 1987; Hartman and Shankel, 1990; Ferguson, 1994; De Flora, 1998) .
On the basis of these reports, it is believed that glutamine may actually be beneficial in preventing genetic damage preventiont and the development of cancer. Supporting this hypothesis, Yoshida et al. (2001) indicates that the depletion of glutamine occurs in the host tissue (in this case mice with cancer), and its supplementation could lead to reducing muscle protein loss, in addition to protecting immune function and the intestinal barrier during chemotherapy and radiotherapy.
Studies also indicate that pre-treatment with glutamine may increase intracellular glutathione, intensifying protection against damage induced by free radicals that can react with DNA (Mora et al., 2003) .
The oral administration of L-glutamine before, during and after chemotherapy is feasible and is possibly associated with a higher tolerance to treatment with antineoplasic agents (Curi et al., 1999) . During radiotherapy, treatment with glutamine can accelerate the healing process of the irradiated intestine and prevent against injuries, and furthermore reduce the complications arising from enteropathy caused by radiotherapy. Finally, glutamine seems to make tumor cells more sensitive to chemo-and radiotherapy, by reducing the intracellular concentrations of L-glutamine from other host tissues. It is unlikely that other antioxidants, contrary to L-glutamine, also raise the concentration of L-glutamine in cancer cells, increasing the resistance of the tumor to therapy. This feature can improve the patient's clinical picture and, consequently, the morbidity and mortality rates linked to cancer and antineoplasic therapies .
In view of all these considerations, it is inferered that glutamine is able to prevent genotoxic and clastogenic damage. However, it is apparent that more studies are needed to characterize the efficiency of glutamine in preventing genetic damage that would lead to the development of cancers, as well to assess its ability to reduce the side effects of chemotherapy, as these can also lead to genotoxic and/or clastogenic damage to non-tumor cells and eventually cause death. Considering these findings and appropriate nutritional guidance, perhaps in the near future, the administration of glutamine along with chemotherapy can assist in improving patients' quality of life.
